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Unbuckling the· Winter Wheat Belt?
Winter Wheat Near Garden City in
a Traditional Spring Wheat Region

See Page 6.

•

b 30, 1
S0~1.zz.
V, ) '6) nt>. 3
) Cjk>1

•

From the Dean and Director ··

Airlifting Research

Duane Acker

of a wideEly-rangingmanagement
research operation
FFICIENT

sometimes depends on an airlift
for SDSU Agricultural· Experiment
Station and Extension Service personnel needing rapid or extensive
transport to various places within
the state. Not only does this help
them broaden, speed up, and improve the statewide teaching-research-extension mission of SDSU,
but those with teaching assignments
find it often gives them more_time
in the classroom.
Don't get the picture of agricultural scientists and specialists Hying
all over South Dakota in a fleet of
airplanes. Air travel is ·justified for
these Hying agricultural technicians
only whe~ it means a lower total
trip cost ( and this includes lodging
and meals ), or time is a factor, or
for a specific research need. Limiting · also is the fact that the two
small 4-passenger aircraft available
for this institution-wide travel service are usually booked solid 2 or 3
weeks ahead of time.
Every Agricultural Experiment
Station research site in South Dakota is within 2 hours air time of the
main Station headquarters atJ~rookings. Several of these branch stations now have grassed· airstrips.
Some livestock, pasture and range
experimental work in western South
Dakota previously had to take into
account the time campus-based re-

searchers spent getting there-usually figured at traveling ( by car) a
day going and a day returning. Now,
the work or supervision often car be
completed in the working hours between an early morning air arrival
at, as an example, the Antelope
Range Field Station in extreme
northwestern South Dakota and the
return Hight starting in late afternoon of the same day.
BLOOD SAMPLES FLOWN TO LAB '

One phase of investigation at the
new Pasture Research Center near
Norbeck about 170 highway miles
from Brookings is concerned with
adequacy of various levels of nutrition and value of different types of
pastures for cow and calf production. Laboratory analysis of blood
samples from the cattle is one o{ the
· tools researchers will use to gain
valuable information in this particular project. Two days are needed to ·

obtain blood samples from the 300
head of cattle involved. But to obtain
the necessary data, blood samples
must arrive at the laboratory freshat least twice daily. Previously, samples were taken by a:uto from the
Center to Faulkton where the SDSU
airplane picked them up for transport to Brookings. This took time as
well as coordination. With the new
grassed airstrip at the Center, those
in charge estimate that the air trip
for blood samples now takes "less
than an hour from cow to lab."
Extension personnel-as well as
Experiment Station staff_:..can be on
hand almost any place within the
state in a matter of a few hours if
emergency surveys or inspections
of insect damage, crop or livestock
diseases become necessary.
Extension workers also fly to experimental sites to see for themselves what the latest research shows
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and in the process save days of driving. An Extension agronomist, who
learned to fly on his own and recently received his private pilot's license,
if necessary in his work can pilot a
small airplane to most places in the
state. A weed control specialist
logged a fraction of the hours in the
air compared with those he would
have needed to travel by automobile.
FL YING ANIMAL SCIENTIST

•

•

A member of the Animal Science
Department learned to fly 11 years
ago for the same reason many people use the planes today-to save
time and effort. In addition to his
regular teaching assignment, he was
conducting a research project involving several scattered field stations. It was necessary for him to ob- ·
tain data on newborn calves within
a week of their birth at each location. Automobile travel to the various sites .would have amounted to
about 1,000 miles each week for the
12-week period every spring of the
several years the research was in
progress. By becoming airborne he
got his research data and met his
c.lasses with a minimum of inconvenience to himself and students.
He figures that by using the airplane
for travel to research sites some distance from the main station, he gets
the job done in a third of the travel
time which would be _needed if he
went by car.
Alfalfa weevil control research in
vvestern South Dakota is speeded,
as far as personnel is concerned,
through air travel. The same is true
for several other projects in outlying
areas. In addition, surveys of insect
infestation or emergency situations
often mean the need for rapi,d or
far-ranging travel.
Should a serious livestock disease
strike suddenly at virtually any
point in the state and the local veterinarian requests urgent assistance,
it is possible within the next 2 years
that field service facilities of the
new Animal Disease Research and
Diagnostic Laboratory would be
available for transport by air. This,
of course, would be only on an
emergency basis when urgency involving the matter of a few hours
could help prevent disastrous losses or dangerous spread of a disease.
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'What about travel costs? There's
not much difference, for example,
where road and air mileage do not
vary greatly. On longer trips where
mileage by car is considerably greater, travel expenses usually favor the
airplane. ( Lodging, meals and certain other expenses must also be
considered). If more than one person makes the air trip-or hitch hikes
between points on the way-the relative cost tends to drop. Pre-trip estimates of travel expenses determine
which method is cheapest overall
and such estimates are usually considered because the person or project has a set, limited travel budget
whether airplane or auto transportation is used.
USERS CITE TIME SAVINGS

"Salaried time gained" is how one
air traveler describes the difference
between time used in car and airplane travel. A staff member-regardless of salary level - doesn't
"earn" much during the time he
spends riding to and from his destination either by automobile or airplane. If this car time can be cutand virtually all staff members using
the airplanes point to this as a plus
factor - then the person has more
time for the classroom, his research,
or other duties. "A PhD spending
his working hours driving a car is a
rather expensive chauffeur," is the
way one department head puts it.
Some staff members who travel
frequently by car refer to a "fatigue
3

factor" plus driving at odd timesearly morning or late night. Some
feel air travel thus offers an added
safety factor, especially during
heavy tourist travel on highways
during spring, summer and fall.
Many trips, Lindsay says, start
before 7 a. m. and the return may
range from 7 p. m. to midnight. In
emergencies, priorities are set for
most effective use of personnel and
equipment to accomplish the job at
hand.
Incidentally, persons who do not
care to fly definitely are not required
to do so.
A chief complaint of those who
fly is the need for scheduling trips
in advance because demand is so
great institution-wide for air travel.
Chief pilot is Ralph W. Lindsay,
jr., who estimates that 1,000 hours
flight time will be flown this year on
trips for all SDSU personnel. Most
of the trips ( 6 out of 7, he estimates)
are within South Dakota.
Lindsay is also in charge of maintenance on SDSU travel service aircraft. In World War II Lindsay was
a radio operator on a B-24 bomber .
with 13 combat missions out of Clark
Field in the Philippines. After the
war he attended an aircraft maintenance school and in 1947 learned to
fly. His experience prior to starting
work at SDSU in 1954 included crop
spraying in Montana and contract,
bush and training flights in Alaska.
He is a 1962 SDSU graduate in
mechanical engineering.D

Construction Well Unde~way . . .

New Veterinary Facility
To . Be Ready Next · Fall
new center for andisease diagnosis and research-equal to any similar diagnostic facility in the U. S.-will be
operational by fall of 1968, according to present schedules.
Some $600,000 in state funds and
$100,000 in federal funds go into
construction and equipping the facility on the South Dakota State
University campus at Brookings.
Construction began in late April of
this year.
The legislature h a s officially
named it the "Animal Disease Research and Diagnostic Laboratory"
and construction follows detailed
studies by V } ·ious groups including
the South D2kota Stockgrowers Association. It replaces a small, nearby Veterinary Science building used
for years in valuable-although necessarily limited-diagnostic and research work for the giant South Dakota Ii ·estock in us try.
OUTH DAKOTA'S

Simal

"Once the new facility is functioning with a full staff and funds for
operation we will be in a position to
provide virtually all services needed
in connection with animal disease
diagnosis and research," according
to Dr. Kenneth Weide, new head of
the Department of Veterinary Science who will also be in charge of
the disease diagnostic laboratory.
Dr. Weide, who previously headed
a similar laboratory in Kansas, has
been assisti~g with consultative
services for the new building since
January. "This laboratory will have'
the most up-to-date facilities and
equipment obtainable within existing budgets," he says.
MAIN PURPOSES

The new laboratory has two main
purposes, explains Dr. Weide:

e

As a referral laboratory to provide diagnostic services to veterin-

The Old .

arians and through them to the entire livestock industry of South Dakota.
·
As ~ research center on animal •
diseases of importance to South Dakota.
As far as· diagnostic work is concerned, the laboratory will include
sections on pathology, bacteriology,
virology and toxicology. The toxicology section as well as studies on
pesticide residues in animals will be
under direction of the Station Biochemistry Department.
Dr. Weide points ·out that the facility is strictly a diagnostic and research center. '~It is not intended to
replace local veterinarians or local
veterinary services. It .is a back-up
lab to increase the diagnostic potential of all South Dakota veterinarians plus providing them with
facts on latest research developments." The facility was not planned
for instruction of students ( no classrooms are included) and it is not an
animal treatment clinic operated for
. the general public.
"Funds for the buildings and
equipment are adequate for us to
provide the type of service which .
South Dakota's multi-million dollar
livestock industry needs and can
now expect," is the way Dr. Weide
describes the laboratory from the
physical standpoint. "Fully staffed,
the lab will have a minimum of 11
professionals and nine technicians,
exclusive of ·normal office and other
operating personnel. Six professional and two technician positions are
currently filled. We expect to move
into the new laboratory next summer and be operating with a full
staff, if funds are available, by fall
1968."

e

~

r

OVER 21,000 SQUARE FEET

The main building of about 16,000
square feet will front 97 feet on the
south by 165 feet deep. It is situated
just west of the Foundation Seed
Stock Building on the northern part
of the campus .. A second structure,
the isolation building comprising
about 5,100 square feet on a 40xl28foot floor plan, is north of the main
The old Veterinary Science building,
west of the gymnasium, will continue
to be used to help relieve congestion in
other areas.
4
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structure. The single-story construction is of brick, block and tile.
In addition to offices, the main
structure, will include space for post
mortem examinations, an incinerator for disposal of diseased materials,
cold storage, housing for small animals used in laboratory work, and
facilities for work in the fields of
bacteriology, serology, pathology,
and virology. The virology section
will be isola~ed by air-lock entrances
to prevent contamination or spread
of infectious diseases under study.
A service area, small technical
library, dark room and garage are
also in the main building. The garage will house a specially equipped
station wagon for use when field investigations are necessary.
The isC'l~tion building will contain 14 aniiaal isolation rooms, each
separate and independent. With this
type of installation it will be possible to work on a particular problem
without danger of spreading the
disease to humans or other animals.

A small post mortem room and surgery suite are included. The building will be surrounded by steel mesh
fence, and will be closed to all but
authorized personnel.
COOPERATIVE PLANNING

D~ane Acker, Dean of the College of Agriculture and Biological
Sciences and Director of the Agricultural Experiment Station, emphasizes that the cooperation of interested organizations and individuals
in months of planning is now providing South Dakota with a facility
which will more than pay for itself
through information obtained to
help the livestock and related industries. Furthermore, he says,
funds appropriated by the state legislature for this laboratory were
made on the basis of plans which
assure best use of every dollar spent.
Dr. Acker adds that although this
laboratory will be specifically for
diagnosis and research, the talents
and resources of other Agricultural
Experiment Station departments

5

Looking over plans and construction
site on the SDSU campus for the new
veterinary diagnostic and research facility are (left to right): Dr. M. D.
Mitchell, Pierre, state veterinarian; Dr.
Duane Acker, dean of the College of
Agriculture and Biological Sciences;
Dr. Gerald S. Harshfield, professor of
veterinary science; Dr. Kenneth Weide,
head of the Veterinary Science Department; and Dr. Wendell Peden, Milbank, secretary-elect of the South Dakota Veterinary Medical Association.

Nill be available as needed. In addition, the lab will be in close liaison
vith other institutions and organizations. Some of these include state
and federal laboratories such as the
A n i m a 1 Disease Laboratory at
\mes, Iowa; the U. S. Public Health
and Welfare Communicable Disease Center at Atlanta, Ga.; the
South Dakota Livestock Sanitation
Board, the state veterinarian, and
federal regulatory agencies of the
Agricultural Research Service.D

mulching may be the k~y
that unbuckles the winter wheat
S
belt a notch to push production
TUBBLE

Can the
'Winter Wheat Belt
Be
Unbuckled
a Notch?

farther north into spring wheat
country.
Research . agronomists at South
Dakota State University are not yet
ready to bet a farmer's crop that it
can be done, but they are going all
out to get more information.
· 'Winter wheat seeded last fall in
experimental plots at Watertown
had survival rates of 48% to 81%.
Seeding was done with a press drill
in barley stubble that had been prepared for planting with a series of
28-inch sweeps which cut weed
roots and loosened the soil while
leaving most of the stubble standing. The same varieties seeded with
a press drill on fall plowing adjaCOVER PHOTO-Yield data for this winter wheat growing in Agriculcent to the barley stubble had surtural Experiment Station plots near Garden City. indicate a high of 51.6
vival rates of only 1% to 18%. Survivbushels an acre (Lancer) and a "lo~' of 42.6 bushels an acre (Hume). This
al of less than about 40% is not satiswheat was seeded in flax stubble, that at Watertown in barley stubble.
factory, agronomists estimate.
Winter wheat at Garden City,
about 25 miles northwest of WaterThe fall planting period is longer so
p 1 o w i n g at Presho, Highmor~:
farmers have more leeway in picking
town, seeded in stubble the past 2
Beresford and Brookings. "We n.ot
years has not winter killed at all, aconly want to find out more on possi- · the right time to get in their wheat.
In the :. pring this time is shorter and
cording to Quentin S. Kingsley, probilities of stubble mulching, but we
more critical.
ject leader for Agricultural Experiwant to be able to show farmers
Winter wheat matures earlier and
ment Station research farm facilities
which varieties are consistently the
is less subject to summer drought, it
near Watertown and Garden City.
higher yielders," he adds. "The past
"Winter wheat," he explains, "has
is pointed out. And on the average,
2 years at Watertown very few lines
c e r t a i n advantages over spring
win t e r wheat outyields spring
of our breeding material survived
wheat. Also, some of the better
wheat provid~ng it will survive the
the winter and our world collection
winter wheats are as resistant to
winters of northeastern South Dako- · of wheat-wheatgrass offspring had
ta. In stubble, both the ~heat and
only about 1%winter survival. Thes~ . stem rust as spring wheat.
the stubble prevent water and wind
Kingsley emphasizes that agronhad been furrow drilled into fall
omists are not yet recommending
erosion of soil during winter and
plowing."
stubble mulch as the answer for exspring. The stubble catches snow
SDSU agronomists concede that
tending winter wheat areas because
and protects the wheat."
stubble mulching does have some
they don't have enough information.
drawbacks. For one thing, they say,
SOME PLANTING SUCCESS
"But, from what a few farmers have
it is hard to seed in stubble. Weed
Some farmers in the spring wheat
demonstrated and on the basis of
control also enters into the pictur~.
regions of the Dakotas have been
what h as happened in our tests the
But wide sweeps used once 9r twice
seeding winter wheat into stubble
past 2 years, we surely want to inin the fall after harvest cut weed
fairly successfully, says Darrell G.
vestigate the possibilities," he says.
roots a few inches below the surface
Wells, SDSU wheat breeder. He
H ere are the estimated percent
without greatly disturbing the grai~
points out, however, that if winter
survival rates of four winter wheats
stubble. It takes comparatively less
wheat is to replace spri!)g wheat in
at the Northeast Experimental
power to pull these wide sweeps
South Dakota, "it must consistently
Farm:
than to plow, they add.
succeed in deep furrow drills in the
least severe areas or be grown in
WINTER WHEAT ADVANTAGES
Stubble prep ared
Farmers in the main winter wheat
small grain stubble. Wheat as hardy
Watertown
with wide sweeps
Wheat
fall plowed
Garden
area can go to summer fallow with
as rye has yet to be develo~d but
variety
stubble
Watertown City
or without stubble mulch, agronowe are trying."
.
Lancer ________ __ 0
mists explain. But farmers in the
Dr. Wells says that small plot
48
100
Winalta
spring wheat area do not have this
variety yield tests will be planted in
selection ___ 1
73
100
choice. They must take a chance on
stubble this fall at Watertown and
Minter
6
80
100
,1vinter wheat surviving the winter in
Garden City. Yield tests have in the
Hume -- --- ·--- 18
81
100
stubble mulch or plant spring wheat.
past been made on fallow or fall
6
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Minter (left) and
Hume (right) winter wheats near Watertown, w h e r e
spring wheat is commonly grown, in the
spring of 1967. Both
were seeded the pre- .
vious fall in barley
stubble.

The same wheats
(Minter, left, Hume,
right) as in top photo in mid-July .

•
Survival percentage was small in the
winter wheat breeding nursery near W atertown in 1967. This
wheat was deep furrow drilled into fall
plowing, not barley
stubble.

0

Note the barley stubble remaining in winter wheat
at harvest time at the Watertown experimental plots.

Alfalfa
Varieties
·and
Yields

tion of the data also fails to reveal
any real change in per acre yield of
alfalfa hay since records have been
available.
Why?
Certainly there have been major
production gains with most agronomic crops during the same time.
Farmers and ranchers have boosted·
row crop .and small grain yields ~pward to record levels. In the 10-year
p eriod, 1919-1928, corn growers in
South Dakota averaged 26.0 bushels of grain per acre. In the decade
1956-1965 an average of 33.9 bushels was produced. This represents a
gain of 30%. Oat yields have
changed from 28.9 to 34.2 bushels
per acre for a gain of 18%. Coinpara ble data for alfalfa shows only a
1% increase.
FIVE IMPORTANT ALFALFAS

By M. D. Rumbaugh, associate professor of
agronomy, Agricultural Experiment Sta tion

average yield of alfalfa hay
Tin South
Dakota in 1965 was 1.50
HE

tons per acre.
Twenty years earlier, in 1945, it
was 1.70 tons.
Forty-five years ago it was 1.75
tons.
These figures are only slightly
atypical. Yield of alfalfa hay has not
changed very much since the crop
was first grown extensively within
the state.
The earliest year for which data
are available is 1919 when the Crop
Reporting Service estimated that
462,000 acres of alfalfa~ were harvested for hay with an average yield
of 1.70 tons.
The accompanying chart ;hows
the production levels attained in
subsequent years. D espite rather
wild fluctuations due to weather it
is apparent that no consistent trend
has developed. Statistical examina-

Unit production gains can b e
ach ieved two ways: ( 1) use of improved varieties, and ( 2) better
management of those varieties . The,
purchaser of alfalfa seed is not con-fronted with the large number of alt ernatives faced by the buyer of hybrid corn seed. Although there are
some 100 hay type varieties of alfalfa, only five are of importance in
South Dakota and are regularly
stocked by seed retailers. These are
Grimm, Cossack, Ladak, Ranger
. and Vernal. The first three are· rather old varieties b eing introduced
in 1857, 1907, and 1910 respective- ·
ly. Ranger and Vernal are modem
synthetics which were first released
in 1942 and in 1953. In addition, the
alfalfa grower may purchase seed
of "common" alfalfa. This is seed
harvested from fields of unknown
origin. Seed lots failing to meet cer..tification standards are sometimes

Table 1. - Acreage of hay type alfalfa
varieties grown in South Dakota in 1966
Variety

Thousand acres

Percent

Varieties recommended

Ladak ----------~--------Ranger ____________ ______
Vernal ______ :_________
· Total ________________

252 .0
335.0
100.0
687.0

11.6
15 .4
4.6
31.6

•

Varieties not recommended

Common _________ 1,170 .0
Cossack ____________ 245.0
Grimm ______________ 20.0
Others ______________
57.6
Total ______________ 1,492 .6

53.7
11.2
.9
2.6
68.4

marketed as common. At the present time most South Dakota common alfalfa has b een derived from
Cossack, Grimm, Ladak and Ranger. Ladak, Ranger and Vernal are
recommended for hay production
b y the Agricultural Experiment Station. Use of these varieties is shown
in table r.
In 1966, out of a total of nearlv
2,180,000 acres harvested, 1,492,600
acres were planted with varieties
not recommended by the Agricultural Experiment Station because
they are inferior in one or more respects. This makes up 68.4% of the
total acreage seeded with hay type
alfalfas. It . is apparent that most
farmers have chosen not to follow
variety recommendations. Only a
small proportion ( 4.6%) have selected Vernal. How much does this reduce the average yield of the crop
in South Dakota?

•

VERNAL BEST ADAPTED

Vemal is considered the best
adapted non-proprietary variety for
use in South D akota. It possesses
resistance to some major diseases,
hardiness, quality characteristics,
and usually is higher yielding than

Table 2. Comparative hay yields of alfalfa varieties of major importance in South
Dakota. Number of test years of comparison included within parentheses.
Hay yield of
Vernal (T/ A)

Location

Brookings ____________________ ________ 3.24 ( 11)
Cottonwood _____ ______ ____ __________ .90 ( 4)
Eureka _______________ __________ _________ 1.66 ( 4)
Highmore _____ __________________ _____ 1.97 ( 11)
Menno ----------------------·------------- 3.30 ( 4)
Norbeck ---------------------------------- 1.21 (1)
Redfield (irri gated) ______________ 5.32 (4)
Watertown ______ ____ ____________ :______ 3.18 (3)
Averag~ yields ____________________ ?.80 (42)

Cossack

83 ( 4)
108 ( 4)
76 ( 4)
83 ( 4)
95 ( 4)
90 ( 4)
94 (3)
90 (27)

Hay yield as % of Vernal
Grimm
Ladak

82
108
71
88
88

( 4)
( 4)
( 4)
( 4)
( 4)

92 ( 4)
91 (3)
89 (2 7)

90 ( 11)
106 ( 4)
87 ( 4)
91 (7)
92 ( 4)
81 ( 1)
86 ( 4)
96 (3)
92 ( 38)

86 (7)
138 ( 4)
88 (3)
98 ( 11)
84 ( 4)
91 ( 1)
89 ( 4)
102 ( 3)
97 (37)
-

8

Ranger

--

---
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ayne L. Singleton

•

•

other strains. Comparative performance trials have been conducted at
eight South Dakota locations with
Vernal. These trials have benefited
from above average management
with from one to four cuttings taken
per year as the site and weather permitted. Table 2 is based on those
trials. Dry hay yields of Cossack,
Grimm, Ladak, and Ranger are presented in terms of percent of the
best adapted variety, Vernal.
With the exception of the test at
Cottonwood, the data strongly indicate that a marked production differential exists between these varieties and Vernal. The Cottonwood
test was not satisfactory because of
both low average yield and excessive
variation in the test site stands. If
these values are omitted, the average
relative performances are Cossack
87%, Grimm 86%, Ladak 92% and
Ranger 90%of Vernal. If these data
are indicative of production potential in farmers' fields throughout the
state and. the acreage of common alHarve~ted acres, yield per acre and production of alfalfa in South Dakota 19191966.

falfa consists .of components proportional to the known acreages of Cossack, Grimm, Ladak and Ranger,
then it is possible to estimate the
increased yield which could be attained by planting Vernal instead of
other varieties. Including the Cottonwood results in the computations,
the potential turns out to be 7.2%
above the. present level of production.

to its current level in excess of
2,000,000 acres. On the basis of land
use, alfalfa closely follows oats and
corn as the third most important agronomic crop in the state. Because
of the large acreage involved, a
small increase in unit production
and profit has a considerable economic impact. It has been estimated
that unit production of alfalfa in
South Dakota may be increased by
1980 to the extent of 650,000 tons.
A major part of this increase can be
brought about by application of superior management techniques to
existing plantings. Use of phosphate
fertilizers on sites where that element is deficient often results in
marked production gains. More rapid replacement of old fields with
low density stands, better seeding
practices and improved harvest
schedules will all result in production increases.

GREATER HAY POTENTIAL

· An increase of this magnitude
would raise the average per acre
hay yield for the state as a whole to
approximately 1.66 tons. In 1966
this would have resulted in an additional 194,000 tons of hay available
to the livestock industry. The only
extra production cost to achieve this
would be a slight increase in seed
cost of approximately $1.50 per acre
at the time of planting. For a stand
duration of 5 harvest years this
amounts to a 30 cents per acre per
year investment which would be expected to return over $2.00 per acre
each year if hay is valued at $20.00
per ton.
The chart shows historical development of South Dakota alfalfa land

However, use of the best possible
variety offers a relatively easy method to increase efficiency of production and profit. Certainly as existing
stands are replaced, they should be
replaced with the best of modern
breeding effort.D
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Soybeans lmprov . Co rn Silage

•

By Emery Bartle, ass0<;iate professor, and
Howard Voelker, professor of dairy
cience, Agricultural Experiment
Station

DAKOTA soybean acreage
shown a marked increase:
acres harvested totaled 224,000 in
1956; 346,000 in 1966 . .
Soybeans are adaptable as a profitable cash crop or as hay and silage.
They are not usually grown alone
for silage because of yield which is
much lower than for corn. The value of growing soybeans with com
for silage has been tested at the
South Dakota Agricultural Experiment Station and nndings indicated:
more protein per acre, increase silage palatability and materially lower cost of protein in a ration.
When corn silage is used as the
major forage for dairy cattle, proOUTH

Shas

PREVIOUS RESEARCH WITH SORGHUM

In this article the authors report research with soybeans used to
iiuprove corn silage.
Previously they conducted experiments comparing soybeans
grown with both corn and sorghum. If you are interested in their report of -this earlier research, ask them for a reprint of the article
"Silages Fortined With Soybeans," from South Dakota FARM &
HOME RESEARCH, Winter issue of 1966.
The author's address: Dairy Science Department, South Dakota
State University, Brookings, South Dakota, 57006.
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tein is a limiting and expensive item
in feed costs. The soybean plant' is
high in protein, essential minerals
and vitamins. When properly inoculated, soybeans contribute nitrogen to the soil thus reducing amount
of added nitrogen needed for growing com. With varieties now available, soybeans can be grown in most
ar·e as, a factor which enhances their
importance in producing a higher
protein silage when grown with
com.
With increased mechanical feeding methods, dairymen are interested in forage feeding systems
that can be simplified in a combination com silage-legume. There is
some interest in feeding more silage
and less hay, because of handling
and weather problems with hay curing. To determine relative merits of
planting soybeans with corn for silage, two consecutive, 120-day winter feeding trials were- conducted.
SILAGE PRODUCTION

•

•

A 20-acre field that produced corn
for silage the previous year and
which received approximately 10
tons of cow manure per acre during
the winter, was plowed, harrowed
and equally divided for two consecutive years. On May 17 com was
planted in one half and soybeans
with corn in the other half in drilled
rows 42 inches apart. Seeding rates
per acre were 8 pounds corn ( Silage ) and 20 pounds soybeans
( Black Hawk) . Soybeans were
planted with a bean attachment on
the corn planter. The crop was produced, harvested and stored in the
same manner each year.
Forages were harvested during
the first week in September. ~ilages
were stored directly from the field
cutter in concrete stave tower silos,
16 feet in diameter and 40 feet high.
The soybean plants were green,
with many ·fun size beans in pods.
Corn kernels were in hard dough to
dent stage, with a few of bottom
leaves showing signs of turning dry.
Com silage averaged 24.9% dry
matter. Some preliminary results of
research in progress suggest that it
would be better to ensile the com
and beans at higher dry matter.
However waiting too long might result in lower protein content due to

Table 1. Chemical composition (in per cent) of feeds*
Dry
matter

Corn silage ___________ ,_______ 24.9
Corn-soybean silage ______ 27.1
Alfalfa hay __________________ 87 .6
Grain ____________________________ 88.8

Ether
extract

2.7
3.0
1.7
4.4

Analysis of dry matter
Crude
Crude
Nitrogen
protein
fiber
free extract

10.1
13.0
17.1
14.6

20.8
20.9
29.8
6.4

60.8
57.4
43.6
71.5

Ash

5.6

5.7
7.8
3.1

•These data are averages of two year's trials.

more leaf loss in the soybeans and
th~ corn.
Silages were weighed immediately after cutting to determine the
yields per acre. In the first year silage yields per acre were 10.4 tons
for corn-soybean, and 10.8 for com;
the second year, 10.2 tons for cornsoybean, and 9.5 tons for com. The
proportion of com to soybeans on a
green-forage-basis from samples
weighed in the field was 82. 7% and
L7.3% the first year and 78.9% and
21.1% during the second year, respectively. If higher protein combinations are desirable the percent
soybeans could be increased.
FEEDING TRIALS

Winter feeding trials started the
first wee~ in .November. A 10-day
preliminary period preceded the

120-day feeding trials during which
the cows received alfalfa hay, com
silage and grain mixture. After the
preliminary period, cow changeovers were made every 30 days, so
that each cow received each silage
for two periods.
For each trial 20 mature cows
were selected and divided into two
equal groups balancing the cows as
nearly alike in pairs as possible, and
alloting pairs randomly to the two
forages. One group received comsoybean silage, the other received
corn silage. In the first trial the
groups consisted of 10 mature Holsteins, 6 Brown Swiss and 4 Guernseys. In the second, 14 mature Hol~
steins, 4 Brown Swiss and 2 Guernseys were used.
Silages were fed and weighed

Table 2. Feed consumption, body weight change and milk production*
Items Compared

Com-soybean
silage

Com·
silage

pounds

pounds

Silage consumed per cow daily_________________ 52.4
Body weight:
Avg. per cow____________________________________________ 1341.8
Weight change of cows __________________________ +93.6
Daily change in weight__________________________ +.78
Milk production:t
Initial per cow daily________________________________ 34.6
Avg. per cow daily____________________________________ 30.5
Dry matter consumed daily per cow:
Silage ---------------------------------- ----------------14 .2
Hay -----------------------------------------------------------7. 4
Grain --------------------------------------------------------8.3
TOTAL ------------------------------------------------ 29 .9
Silage ( dry matter) consumed
Per 100 pounds of milkt------------------------ 46.5
Nutrients consumed per 100 pounds milkt
Including-body maintenance _____________ _ 66.5
Excluding-body maintenance _____________ _ 35.1
Nutrients per LOO pounds of milkf ______ _ 31.4
4% F.C.M. per pound T.D.N. _________________ _
1.50
•These data are averages of two trials.

t4% fat corrected milk.
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48.6
1345.2
+72.8
+.61
36.3
29.4

12.1
8.9
9.0
30.0
41.2
68.3
34.7
33.6
1.46

twice daily with weigh-in amounts
calculated to 10% above the amounts
of silages cows were consuming. Silage weigh-backs were made once
daily in the morning. Hay was fed
in the morning following the weighback of refused silage. Hay feeding
was limited to 1 pound per 100
pounds of body weight. Hay weighbacks were made in the afternoon
before fresh silages were fed so that
silage was available during the
night. Grain was fed at the rate of
1 pound of grain for each 3.25
pounds of milk produced ( 4% F.C.
M.) and adjusted each week according to the previous week's production. The grain mixture averaged
14.6% crude protein by analysis and
consisted of 1,600 pounds of cracked
yellow corn, 1,400 pounds rolled
oats, 300 pounds ground soybeans,
100 pounds linseed meal, 100
pounds soybean meal, 50 pounds
trace mineral salt, 25 pounds bone
meal and 25 pounds dicalcium phosphate.
Body weights were measured by
taking the average weight of cows
for three successive days at the beginning of the trial and the final 3
days of each 30-day change-over
period.
Silages were analyzed for chemical composition from samples collected at silo filling time and at
weekly intervals during the · trial.
Hay and grain samples were collected each week for chemical
analysis.
Chemical analysis of the silages
showed dry matter of the corn-soybean silage averaged 13.0% protein
( dry basis') compared to 10.1% for
corn silage. Increasing the ratio of
soybeans to corn would increase the
protein of the silage as soybeans
commonly contain 18%-20% protein
( dry basis) at the proper stage of
ensiling. Thus, by regulating the
amount of soybeans to boost percentage of protein nearer to production requirements, the· need would
be lessened for high protein in the
form of concentrates. It appeared
that cows will eat more silage· daily
when soybeans are included than
when corn silage alone is fed.
In these trials about 21.2% to 25.4%
of the TDN ( total digestible nutrients) was furnished from alfalfa

Table 3. Milk production per acre of silage*
Silage
Ration

Source of T.D.N.
Silage !lay
Grain

Milk (4% F.C.M.) produced frc;>m
Silage
Hay
Grain

Total

(% )

.( % )

(%)

(lbs.)

(lbs.)

(lbs.)

{lbs.)

Corn-soybean ______ 44.8
Corn ______________________ 38.3

21':2
25.4

34.0
36.3

5,289.3
4,504.2

2,502.9
2,987.0

4,014.3
4,268.8

11,806.5
11,760.0

•These data are averages of two trials.

hay, which averaged l 7.i% protein
( dry basis). If the alfalfa hay and
the grain mixture of corn and oats
had not been fed, it is probable that
the effect of soybeans in the silage
would have been greater.
Many dairy rations are low in fat
content. If soybean seeds are f:~irly
well developed before ensiling they
contain from 18%to 20% fat on a dry
basis and contribute some to the fat
content of the ration. With recent
emphasis on high energy rations for
better production of cows, soybeans
if sufficiently mature, fit into the picture to increase the energy content,
of rations. Also, a dairyman who

•

supplies nutrients from his own
farm has an integrated system of
furnishing raw materials for his
milk producing business.
Including a well-preserved legume in silage might be expected to
increase the carotene and resulting
vitamin A activity,'as other research
data indicate considerably higher
values for soybeans tpan for corn
silage. However, in these tri.als the
carotene values for corn silage averaged 6.'6 micrograms of carotene
per gram of silage compared to 7.7
micrograms per gram of corn-soybean silage.
Each silage had a pleasing odor,

Pounds/Acre (X 1,000) _ _ _ _ _ _ _ _ _ _ __
Silage

-

5

4

CornSoybean
Corn

3

2

1

0
Yields per acre of 4%, (F.C.M.) milk, dry matter and estimated 1DN &om silage.
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bright color, and good quality with
average pH values of 5.3 for cornsoybean silage and 4.4 for corn silage. This could be a factor in ·palatability as dairy cattle commonly
prefer silages which are not too sour.
There was relatively little difference
in crude fiber content. Corn-soybean silage was somewhat higher in
ether extract and lower in nitrogen
free extract. Corn-soybean silage
had the greatest advantage in a considerably higher crude protein content than com silage.
Palatability favored corn-soybean
silage judged on the basis of pounds
of silage dry matter consumed daily
per cow and per 100 pounds live
weight during the first 10 days of
each 30-day change-over period.
The cows fed com-soybean silage
consumed 1.05 pounds compared to0.91 pound corn silage dry matter
per 100 pounds of b~dy weight.
Consumption of dry matter from
grain in the ration in relation to the
amount of milk produced amounted to 1 pound for each 3.67 pounds
of milk ( 4% F.C.M.) on the cornsoybean silage ration and 1 pound
for each 3.26 pounds of milk produced on the corn silage ration.
The corn-soybean silage ration
showed a slight advantage for body
maintenance and live-weight gain,
with a daily gain of 0.78 of a pound
per c.ow compared to 0.66 of a
pound for corn silage. _
MILK PRODUCTION

The relative efficiency of silage
used according to the amount of
feed consumed , live weight changes, and milk production are shown
in table 2 by the pounds of dry matTable 4. Costs and returns per acre of
milk produced from silages*.
Per Acre
Cost Returns

Com-soybean
silage

Silaget ________ _____________ $ 83.20
Hayt -------------·---------24.60
Graint ______________________
72.64
Cow maintenance
_( estimated)+ _____ __ 199.77
Milk production ______ $380.24
Milk returns§ __________ 425.03
Net returns ________ ____
44.79

Com
silage

$ 80.80
30.57
80.72
206.60
$398.69
423.60
24.91

•These data are averages of two trials.
tFeed costs per ton . Silage $8.00, alfalfa hay
$15.00, grain $40.00.
tCow: Breeding, equipment, housing, replacements; labor at $1.00 per hour.
§Milk sold at $3.60 cwt.

milk produced, com-soybean silage
ter and nutrients consumed per 100
showed a feed cost of $1.53 and
pounds of milk ( 4% F.C.M.) proproduction cost of $3.22 for a net
duced. The data show that corn-soyreturn of 38 cents. This compared to
bean silage was slightly superior for
a feed cost of $1.63 and a production
milk production.
c.ost of $3.39 for a net return of 21
Corn silage was highest in terms
cents for cows fed com silage. The
of nutrients that silage rations furnet difference was 17 cents in favor
nished for milk production after deof corn-soybean silage.
ducting those required for body
maintenance and live weight changes. Nutrients consumed per 100
SUMMARY
pounds of milk ( 4% F.C.M.) by
cows fed corn silage was 2.2 pounds
Summarized briefly, the 2-year
( 3.8%) higher than for those fed
trials of soybeans planted with corn
c.orn-soybean silage.
for silage feed ...
The 10-day declines in daily milk
Increased net returns $19.88
production per cow when cows
per
acre.
changed silages were as follows:
com-soybean silage to corn silage,
Returned 17 cents more per 100
1.1 pounds; com silage to corn-soypounds of milk.
bean silage 0.1 of a pound. These
10-day declines are reflected in the
Yielded 17.4% more milk per
average 30-day cow persistency for
acre.
milk production of 93.5% for cornYielded 16.4% more TDN per
soybean silage and 92.8% for corn
acre.
silage ration.
The relative yields per acre of siIncreased palatibility 15.4%
lage dry matter, estimated total dibased on dry matter consumed per
gestible nutrients and milk ( 4%
100 pounds body weight, and
F.C.M.) produced from each silage
are shown in the accompanying
Indicated, in terms of milk
chart.
production, that com silage has
The relationship between silages,
about 93% the feeding value of corn ..
hay and grain relative to the source
soybean silage.
of nutrients shows that cows fed
com-soybean silage obtained 44.8%
Furthermore, from the research
from silage, 21.2% from hay and
it has been determined that . . .
34.0% from grain. This compares
Dairymen planting soybeans
with 38.8% from silage, 25.4% from
hay and 36.3% from grain for cows . with corn could benefit by cutting
feed costs 6.5%, increasing milk
fed corn silage ( table 3).
yields 17.4% and boosting net reECONOMIC RETURNS
turns per acre of silage.
Table 4 shows the comparative
difference between cost of feed.
A combination legume-silage
cost of milk production, and net reis better adapted for mechanical
turns per acre. The corn-soybean
feeding than baled hay and silage.
silage cost $83.20 per acre an_d corn
Single, complete rations can be fed
silage cost $80.80 per acre. The net
more efficiently in terms of use of
return per acre was $44. 79 for cornlabor.
soybean silage compared to $24.91
Hay making could be eliminfor corn silages.
ated
or
reduced when soybeans fur- Feed costs are reflected in the
nish the high protein forage ( rather
amounts of silage, hay and grain rethan hay).
quired for each 100 pounds of milk
produced. This shows the cows fed
Disadvantages include: The need
com-soybean silage ate 6.4 pounds
for soybean planter attachments and
( 3.9%) more silage, 6.9 pounds
added inconvenience of planting. In
( 19.8%) less hay and 3.5 pounds
some areas, with some varieties, soy( 10.2%) less grain than the com-sibean lodging could be a problem for
lage-fed cows.
handling with field choppers. D
Based on cost per 100 pounds of
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IMPROVING
PASTURES

by
lnterseeding Grazing ·Alfalfa! and Grasses
improvements through
interseeding grazing alfalfas and
grasses commanded considerable
interest during a special tour for
county Extension agents at the Pasture Research Center near Nor beck
in Faulk County earlier this summer.
The agents saw Agricultural Experiment Station research plots at
the Center and discussed early results with personnel. They were alm encouraged to use the facilities at
the Center for tours which they
might arrange for farmers and
ranchers of their counties.
A point stressed to the agents by
Raymond A. Moore, agronomist and
project leader, was for first emphasizing the benefits of interseeding
and then going into how it could
be done. 'Tm convinced - and
you've heard me say it before-that
no other single pasture improvement
practice offers such potential for increasing income as interseeding," he
told the agents.
'·' We've found about what is needed and devel?ped a method and
ASTURE

P

equipment for getting it done," he
added. "It works very well here and
for some of the nearby ranchers who
are cooperating with us. Once you
get the interest in your counties,
you'll find that farmers and ranchers will help come up with ideas for
·building or adapting machinery to
get the interseeding job done."
Dr. Moore noted that heavily constructed drills especially designed
for interseeding are available. They
feature precise placement and coverage of seed. They also can be used
to sow grass and apply fertilizer at
the same time the legume is seeded.
Modification of a commercial sod
:eeder and design and construction
of a successful interseeder has been
done at the Pasture Research Center.
Here are some tips on interseeding from the C~nter:

e

Pastures that need interseeding are the low producing kind usually full of weeds. Use herbicides
to kill weeds before interseeding.
14

e The

i m p 1 e m e n t you use
should r,emove a strip of existing sod
4-6 inches wide, 2-3 inches deep.
This helps reduce competition from
established grasses.

•

e

Plant seed about half an inch
sleep in the furrow . . Use about a
pound an acre of pasture-type alfalfa seed plus the grass seed.

e

Make furrows 2-3 feet apart
-this depends somewhat on condition of the pasture. Pastures in poor
condition benefit from the closer
spacing. Keep on the contour.
• Begin .interseeding early in
the spring...a...as soon as snow is off.
Plan to finish no later than the
third week in May.

e

Some interseeding implements
displace chunks of sod at the sides
of the furrows. We've found these
accumulations of roots, grass and
soil are soon weathered away and
cause no problem.

•

.

ayne L. Singleton

•
This commercial sod seeder, modified as shown in
photo below, has been successfully used over an extensive acreage at the Center and on some nearby farms •

.,C.

~

An exper~ental interseeding implement made
from specifications determined at the Pasture Research Center. All parts are readily available or can
be made in most farm shops.
County Extension Agents, taking part in a special .

1~ tour, look over legume experimental plots at the Pas-

ture Research Center near Nor beck.

•

Travois alfalfa and intermediate· wheatgrass growing in furrows planted about a month earlier with the
"winged-shovel" sod seeder. Clods of. sod from the fur<:)- rows soon weather away.

Strip metal "wings" welded on either side of shovels
on this commercial sod seeder provide a simple, economical modification to make suitable interseeding
furrows. Weld a supply beforehand and take them to
the field. If wings break off, merely change shovels
and continue.

~

•
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Previous year's interseeding plot showing §trips of
alfalfa (the darker portions) in pasture at Norbeck .

New Methods of
Better ~~ntrol of evaporation

even

from drops . of water or flat reservoar
surfaces --- would make huge amounts
of water more available.

----

pursuit of more
Tandnever-ceasing
' improved methods of conHE

Pipette

88 FEET

Figure I-Inside S01,1th Dakota State University's Coughlin Campanile, Agricultural Experiment Station researchers rigged a wind-less, free fall area_ as part
of a study of evaporation from drops of water. Drops of water were carefully regulated (size and number) to fall from a pipette into a glass funnel and beaker
about 88 feet below.
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serving our important natural water
resources has lead researchers in
new and exciting directions.
The magnitude of water loss
through evaporation and transpiration alone is staggering. Loss of water t h r o u g h evapotranspiration
( evaporation from soil, transpira- •
tion from .plants ) in the Northern
Great Plains; for instance, may account for about 70% of the total precipitation that falls on the land. It
is suspected that less than half of
this evapotranspiration loss is necessary for plant growth. Evaporation
from reservoirs and stock ponds accounts for a loss 3 to 4 feet of water
each year in this area, while in the
arid Southwest annual losses of up
to 9 feet of water are not uncommon.
The magnitude of the water loss due
to evaporation from reservoirs,
lakes, ponds, and rivers for the 17
Western States has been estimated
at 24,000,000 acre-feet annually.
This volume would be sufficient to
provide nearly a 6-inch layer of water over an area the size of South
Dakota.
Even as we add supplemental irrigation, large water losses may occur, particularly with sprinkler irrigation. It has been shown that evaporation losses from sprinkler irrigation systems may reach 30% to 40%
in extreme conditions of heat, low •
humidity and high wind velocities.
These particular weather conditions

Saving Water

•

•

•

are certainly not uncommon during
spring and summer months. This
high rate of water loss is also frequently observed during rain showers. As the rain particles form and
begin to fall into the relatively dry,
warm air layer near the land surface
they may evaporate rapidly. During
some showers you can see nearly all
the rain evaporate before reaching
the ground. Thus, potential moisture is lost before it even reaches
the ground.
·
Because of the large surface area
of a drop of water relative to its
volume, a large portion of the water
it contains can rapidly evaporate.
The shape of these drops vary
as they fall: usually spherical for
smaller drops, while larger drops
tend to take the shape of a fat hamburger. The smaller drops have a
larger surface-area-to-volume ratio
and thus lose a greater proportion
of the water carried than would be
lost by larger drops. The size of
drops sprayed by a sprinkler irrigation system will vary with pressure
and nozzle size. Smaller sized rain
drops occur in or nearer the cloud
and probably unite with other droplets or may evaporate completely.
Research at the South Dakota Agricultural Experiment Station has
attempted to find ways to reduce
water loss through evaporation from
both water drops and from the surface of reservoirs.
RESEARCH WITH WATER DROPS

•

In an attempt to reduce evaporation from the surface of water props,
evaluations were made on possibilities of coating drops with a thin
film. This idea in reality is just an
extrapolation or extension of a process used for reducing evaporation
from the water surface of reservoirs,
and to stabilize fogs.
· The film forming material, a combination of hexadecanol and octadecanol, is a waxey substance at room
temperature. It has also been used
in such cosmetics as lipstick. The
This resea rch was supported in part by
the U. S. Bureau of Reclam ation .

By Jon F. Bartholic, former assistant professor
of agronomy, and Terrol Winsor, former
research assistant, Agricultural Experiment
Station

•

material when placed on a flat water
surface forms a monolayer film. This
film is one molecule thick and acts
as a partial barrier to the movement
of water molecules from the water
surface into the surrounding air ( see
figure 2). The approach was to
test ability of the film to retard evaporation from spherical water surfaces such as the surface of a water
drop.
Water drops were placed on glass
slides and then equal, tiny amounts
of talcum powder were placed on
top of each drop. Since the film is
invisible the talcum indirectly indicated the area covered. This is possible because when a particle of the
film forming material is placed on
the water surface inside the area
dusted with the talc it starts to form
a monolayer. As this monolayer
forms it pushes the talc outward,
thus the area occupied by the monolayer is "ringed" and can be observed indirectly .
EVAPORATION TIME MEASURED

Essentially, then, the drop was
covered by the film. To determine
the film 's effect on evaporation, the
length of time for covered and noncovered drops to evaporate was
measured. The water evaporated into the nearly still air of a temperature controlled room. Results from
this · experiment showed that the
monolayer was able to reduce the
rate of evaporation by 43%. This very
significant reduction was encouraging.
Water drops were next suspended
from glass rods. Again, two sets
were used: 18 drops treated and 18
untreated. These tests were also run
in a closed room with temperature
variation during the test of only .4 °
C. from 27.6 °C. to 27.2 °C. ( .7°F.
from 81.7°F. to 81.0°F.). The opposing sets were tested simultaneously and care was taken to insure
reasonably uniform size of drops.
The drops were applied from a capillary tube. Evaporation time for the
untreated drops averaged 1 hour
and 23 minutes, while the average of
the treated water was 2 hours and 39
17

minutes. The reduction in the rate
of evaporation was therefore 48%.
The ability of the monolayer to
reduce rate of evaporation from
curved surfaces and hanging drops
was thus demonstrated. However ·
the ability of a monolayer to retard
evaporation from a hanging drop
does not necessarily mean the ability will also be present for a falling
drop. ( In fact one would anticipate
that the forces on certain sized falling drops might be enough to force
the film off the surface. ) The next
step was to investigate the rates of
evaporation from both coated and
non-coated falling drops. For this
type of experiment a considerable
height was required to allow the
falling drops to reach their terminal
velocity which {qr a 3 mm. drop is
117 cm/sec (2.6 m.p.h.). An additional requirement was for a minimum of air currents so the drops
would fall straight down.
CAMPANILE USED

A nearly ideal location, combining height and still air, was found on
the SDSU campus. It was the famed
South Dakota State Coughlin Campanile, a structure nearly 170 feet
high which is a campus landmark
and trade mark of the institution.
Inside the campanile it was possible
to rig a free fall drop of 27 meters
( 88 feet). Air currents within the
tower were small enough so that
drops of 3 mm (about}' inch in diameter) and larger were not blown
off course. The experiment was set
up in the tower as shown in figure 1.
The set up consisted simply of a
water supply ( beaker and pipette)
and a stopcock to regulate the flow
of the drops that were to fall down
the center of the tower. The drop_s
were caught with a funn el and beaker. By weighing both portions of the
apparatus before and after each
"series" of drops the amount of water lost was determined. Usually,
1,000 drops constituted a "run" or
"series." Size of drops was varied
between runs by changing the size
of the tip on the pipette.
Several techniques were tried for

Evaporation from a given
· area covered by the ·monomolecular film is less than from
an area not covered by the
film. (These two representations a re not intended to denote a scale of difference.}

Wind movement

..

/ .

(m

Monomolecular

•

Water and film
movement caused
by wind
Figure 2-Schematic of monolayer, water surface, wind and water movement.

obtaining a film on the drops. Basically, however, they can be classified
as coating by external application
or coating from internal application.
The external application consisted
of blowing or physically placing
finely ground particles of the film
forming material on the surface,
which then rapidly formed a monolayer. The second approach consisted of mixing the finely ground material in the water as a slurry. Then,
after a time, particles would move
to the surface of the drop to form a
fi1m. It was found that the time involved for material to reach the surface in some instances was quite
slow for drops of several millimeters
or greater· in diameter.
POSS IBILITIES FOR FUTURE

Actually, both approaches might
possibly be used in connection with
sprinkler irrigation or in an effort to
reduce evaporation from falling
drops during rain showers. Upon
perfection of a technique, an airplane might dust rain ~howers near
the base of a cloud to reduce evaporation from the drops. Also, small
dusters might be used in connection
with sprinkler systems or possibly
the material could be mixed with
the water of the sprinkler system
prior to application. These ideas, of
course, involve possible future applications.

The studies in the· campanil~
suspended. The suspended drop
showed that for large drops ( from
could then be observed and evalua3 mm. to nearly 5 mm. in diameter)
. tion made on its decrease in size
there was no significant reduction
resulting from water· loss through
in evaporation from the falling
evaporation.
treated drops.
RESEARCH WITH FLAT
The results sent the experiment
WATER SURFACES
back to the drawing board.
Use of mono layer films to reduce
The forces acting on a drop at
evaporation from reservoir surfaces
terminal velocity, the shape o~ the
has been under investigation for the
drop and known properties of the
past 15 years. Success of these stufilm were therefore examined furdies, however, have been quite varther. When considering all these
ied. Values. for evaporation reducfactors , calculations showed that the
tion of from 8% to 50%have been refrictional forces on the lower side
ported. This wide variation is probof the falling drop could be large
ably due in part to the short duraenough to keep the film from
tion of · some of the studies, to the
spreading on the size drops used in
methods used to evaluate the evapthis experiment: It is now felt that
oration reduction and to the differdrops must be about 2 mm. or less
ent degree of monolayer coverage
in diameter before the film ·covering
during the various investigations.
on the drop can be maintained.
Partly because of varied results
and partly because much of the reIdeally it would be nice to have
search had been conducted in hot,
the capability of covering all sized
arid regions, a cooperative study for
drops . But if it is possible to even
the Northern Great Plains was unreduce the evaporation rates from
drops of about 2 mm. and less in
dertaken by the South Dakota Agricultural Experiment Station and
size this could be of great value
the U. S. Bureau of Rec.lamation.
since a considerable portion of drops
The evaporation reduction investiin rain and from sprinkler systems
gation was conducted at Pactola
are in this size range.
Reservoir in the Black Hills of South
Additional work on smaller dropDakota.
lets could probably be conducted
An extensive report on this study
by suspending them in a stream of
is available as South Dakota Agriforced air. By regulating the force
cultural Experiment Station Techof the air the drop would remain
18
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SPREAD BY BOAT

The film-forming material was
spread on the water surface with a
boat anJ small agricultural duster.
This dispensing unit provided flexability and variability in spreading
rates. Because of the maneuverability of the boat every portion of
the reservoir could be reached. The
variable rates made it possible to use
smalJ amounts of material when
small uncovered portions of the .reservoir were being "patched" or if a
large portion of the reservoir needed to be covered a higher application rate could be used.
Figure 2 shows schematically the

Figure 2 also shows a profile of
the wind movement above the water
surface and the resulting movement
of the water just below the surface.
This· tendency for the wind to move
the surface water and the film causes the major problem encountered
in this and other similar studies on
uvaporation reduction. The prob-

0

AVERAGE% COVERAGE

90

vs
WIND SPEED

0

•-

•

manner in which the monolayer is
capable of reducing . the rate of
evaporation from the water surface.
The individual rod-like molecules
line up parallel and perpendicular
to the surface. Due to attraction between them the molecules are quite
dose together and thus form a partial barrier preventing passage ( or
loss) of ~ater molecules from the
water surface.

nical Bulletin 24, ''Evaporation Reduction Investigation, Pactola Reservoir, South Dakota."
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lem is simply that the wind tends
to blow the film off the water surface. As the wind speed increases;
the percent of the surface covered
with the film decreases as shown in
figure 3. The data shown are for the
98-day experimental treatment period at the 640-acre Pactola Reservoir. With wind speeds from 0-4
m. p.h. coverage of 90% to 100% was
possible while wind_· speeds of 7
m.p.h. dropped average coverage to ·
about 60%. For wind speeds of 10-12
m.p.h. and greater the portion of the
surface covered would drop to nearly zero. With the flexible dispensing unit and average wind speeds
of 5.8 m.p.h. it was possible to maintain an average film coverage of 73%.
EVAPORATION REDUCED

With this coverage it was possible to reduce the average evaporation rate by at least 14% for the treatment period. This reduction in
evaporation resulted in ·a saving of
215 acre-feet of_ water which is
equivalent to one foot of water over
215 acres. Considering that each human uses about 60 gallons of water
a day this supply of water saved
would provide the needs of 3,500
people for one year.
The cost of saving the water was
about 21 cents per 1,000 gallons.
This cost would certainly be less
with a decrease in cost of the film
forming material. Also, since this
project was primarily a research
project to evaluate the ability of the
monolayer to reduce evaporation,
our prime objective was not to save
water at the lowest possible cost.
Nonetheless, this cost is not unrealistic when compared to present municipal prices in many areas.
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Figure 3-Relationship between average per cent film coverage and average
wind speed on Pactola Reservoir for 1963.
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Many ideas are being evaluated
in an attempt to reduce the loss of
our water resources through evaporation. The use of monolayers to reduce this loss from drops of water as
well as flat surfaces looks encouraging. The research on drops is still
in its infancy. Work on reservoirs
has shown that evaporation can be
successfully reduced at a reasonable
cost for some areas and for nearly
all areas in periods of short water
~upply. D

FURTHER RESEARCH PLANNED

A report, including
photos, about a low-cost
technique for saving
, smaller, weak baby pigs.

A method of saving smaller,
weak, newborn pigs by feeding
them a milk mixture through a
tube has been successfully demonstrated by South Dakota Agricultural Experiment Station
researchers as reported in this
technical article.
It is possible, researchers believe, to improve on the technique by using mixtures other
than the one reported here. For
one thing, preparation and
heating of the mixture may take
extra time that the farmer does
not have to spare. The right

amount for each individual pig
is also · important although in
this experiment all were given
the same amount of mixture.
The amount fed is critical-for
instance, too much and the pigs
scour.
Animal scientists plan to experiment with other mixtures,
including a new commercial
product, in an extension of this
baby pig feeding research. In
addition to the possibilities of
saving weak baby pigs, researchers will also investigate
raising orphan pigs on synthetic diets.

•

Feeding Newborn · Pigs
high postparturition mortality rate of pigs illustrates the need
T
of better management .and new
HE

By R. W. Seerley, former associate professor of
animal science, and R. D. Magstadt, assistant
in animal science, Agricultural Experiment
Station

techniques for saving baby pigs.
Pomeroy ( 1960) reported that 70%
of all postparturition deaths of pigs
occurred within the first 3 days.
Eighty-three per cent of pigs weighing less than 2.0 lbs. at birth died
within 3 days, whereas only 18.5%
of pigs weighing more than 3.1 lbs.
died within the same period. England and Chapman ( 1962 ) found
in a study with 2,032 pigs that 31.5%
of all pigs farrowed failed to survive
to weaning while 68%of pigs weighing less than 2.0 lbs. die~ during
this period.
The potential of saving baby pigs
was shown by the work of England
and Chapman ( 1963) , who raised
95% of over 800 pigs farrowed by
supplemental feeding with an .artificial nipple or pan-feeding and by
providing a good environment. The
proper care and treatment was adequate for survival of nearly all the
pigs.
One major problem in the survival of neonatal pigs is the lack of a
good method of feeding the baby
pig, especially the small a]).d weak
20

ones. One method, described and
evaluated · here, is the technique of
inserting a small rubber tube into
th e mouth and down the esophagus
to the stomach, and in jecting nutrients through the tube into the stomach of the pig.
MATERIALS AND METHODS

A rubber tube 12 inches long and
3/ 16 of an -inch in diameter with a 3s
of an inch bore attached to the end
of a 20 cc. syringe was used to feed
the pigs. Milk, warmed to body temperature, was drawn through the
tube into the syringe ( figure 1).
Pigs were held vertically and the
mouth was forced open by squeezing with the thumb and fingers
( figure 2). The end of the tube was
put into the mouth of the baby pig
and directed down the esophagus
approximately 3 inches to the area
of the cardia. The tube was forced
down the esophagus with ease and
there were no cases of the tube entering the trachea. A momentary
pause as the tube reached the back
of the mouth permitted the technician to use the swallow as an aid in
inserting the tube. When the tube
was in position, the milk was forced
into the stomach by pushing on the

•

Table ~- Number and percent of pigs surviving at weaning by weight group
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•
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plunger of the syringe ( figure 3).
This technique was used to feed
714 baby pigs in an experiµient
which covered a 2-year period. The
experimental plan was to supplemental feed every even-numbered
pig in each litter, regardless of
weight or physical condition. Treated pigs were given two doses of 15
cc. of milk mixture on the first day
after birth, approximately 5 to 8
hours apart, a 20 cc. dose on the second day and a 20 cc. dose on the
third day.
The milk mixture consisted of one
quart of whole, homogenized, pasteurized cow's milk, one-half pint of
a commercial mixture of one-half
cream and one-half milk, and one
raw egg. The ingredients were
thoroughly mixed and stored at 37°
F. The mixture was shaken and a
portion was warmed to 85 ° F. just
prior to feeding.
.
Management of all pigs was the
same, except for the milk treatment.
Sows were placed in farrowing stalls
appr.o ximately l day before farrowing. Temperature in the farrowing
barn was maintained above 60° F.
with a central heating unit. Heat
lamps with 250-watt bulbs were
used in the pig resting area to maintain the temperature between 80°
F. and 85° F. Wood shavings were
used for bedding. The daily feeding
routine was to self-feed the sows outside the barn in the morning and
hand-feed in the farrowing stall in
the evening. The stalls were equipped with automatic drinking cups.
Water and feed were placed in the
creep area for baby pigs. Pigs were
ear-notched, and needle teeth were
clipped on the first day after birth.
An injection of 150 mg. of iron dextran was given to pigs on the third
day after birth to prevent anemia.
Special care for the pigs or sow,
such as treatment for scours or injuries, or aid at farrowing, was provided as needed.
Most pigs were weaned at 5
.weeks, but some were weaned at 3
weeks. Birth weight was used as a
basis to place pigs in weight increment groups for the statistical analysis. Since the treatment would probably benefit smaller, weaker pigs
more than larger, stronger pigs, the
analysis within the set-weight rang-

Control group
Milk-fed group
0/_
Live pigs Pigs
Live pigs Pigs
• C
%
farrowed weaned survival farrowed weaned survival

Birth wt., lb.

4.0 or more ______________________ 34
3.5 to 3.9 ____________________________ 94
3.0 to 3:4__________________________ 244
2.5 to 2.9 ____________________________ 246
2.0 to 2. 4__________________________ 136
1.5 to 1.9__________________________ 42
Less than 1.5 ____________________ 9
Total ---------------..------------- 805

94
87
86
87
69
45
22
81

32
82
209
214
94
19
2
652

24
76
207
228
121
48
10

714

22
65
176
195
93
38
2
591

92
86
85
86
77
79
20
83

Significance

N.S.•
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.

t

•No significant difference between treatment groups within the same wt. range .
Significant difference between the treatment groups in the same wt. range.

t (P< .01)

es appeared logical. The chi-square
method of analysis was used to test
the treatments for differences in the
rate of survival within the weight
·groups ( Steel and Torrie, 1960).
RESULTS AND DISCUSSION

The method described here was
found to be a fast and easy way of
feeding nutrients to newborn pigs.
No problems were encountered
while inserting the tube in the pig's
mouth and directing it down the
esophagus.
Rubber tubes of the same size
were used throughout the experiment. An observation was that
smaller tubes may be better to use
for small pigs. However, the type
of tubing is important. Flexible rubber tubing is better than stiff tubing. Flexible tubing will follow the
normal position of the esophagus
but stiff hard rubber or plastic tubing forces the esophagus to follow
the path of the tube, causing inflamati~n and injury to tissues. ( Tubes
may be purchased from laboratory
equipment houses, hospital supply
houses, and possibly some drug
stores or hobby shops.)
The percent of pigs surviving in
different birth weight groups is
shown in table 1. Survival rate of
pigs weighing more than 2.5 lbs.
was nearly the same for both treatment groups. Survival rate of treated pigs was 8%higher in pigs weigh-
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ing 2.0 to 2.4 lbs. which was not
significantly higher than the control
group, yet the trend was the same
as in the next smaller weight group.
Survival rate was significantly ( P <
.01) higher in the treated group for
pigs weighing 1.5 to 1.9 lbs. The
percent of all pigs surviving in the
treated group was only 2% higher
than the control group. Obviously
the treatment was not needed by all
pigs; therefore, milk feeding should
be limited to pigs that need supplemental nutrients.
The technique did not alter the
pigs' activity pattern immediately
after feeding. Stronger pigs were
lively and active immediately after
treatment and weaker pigs appeared to return to the same state
of inactivity. The treatment did not
appear to cause a stress on the pigs.
There were no problems of vomiting, scouring or other disorders
commonly .associated with feeding
baby pigs. The milk formula was
simple and easily mixed, and a ppeared to be satisfactory for feeding baby pigs.
Chilling and starvation appeared
to be symptoms commonly observed
in the pigs that died. Some pigs
were crushed by the sow and some
pigs had scours during the lactation
period, but the specific cause of
death could not be determined in
most cases. The effect of scouring

do#e , , ,
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was considered a minor stress on
pigs during the 2-year period. England and Chapman ( 1962) observed baby pig losses due to crushing, scouring, chilling and starvation. Scouring was controlled by
proper treatment and crushing was
minimized by good facilities, but
the small pigs were more susceptible
to chilling and starvation than heavier pigs. They observed that small,er pigs nursed less rapidly and with
less force than heavier pigs. The results were that the small pigs consumed less milk and thereby encountered a greater risk of starvation. Many of these pigs were saved
by bottle and pan feeding.

•
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Survival rate ( 81%) of all pigs in
the experiment was relatively high,
and higher than the 68.5% survival
rate in a 7-year study with routine
practices reported by England and
Chapman ( 1962) and 65.8% reported by Vestal ( 1936) on a study over
a 13-year period. Also, the results of
this experiment were _p r o b a b 1y
affected by the limitations of only
four feedings in 3 days. Predetermined feedings of two feedings on
the first day and one on each of the
next two days were not the best for
every pig. The quantity of milk fed
will deserve much attention in future trials, because the amount fed
probably was not the best for each
individual pig.
SUMMARY
The technique of inserting a rubber tube, which was attached to a
syringe, into the mouth and down
the esophagus to the stomach of neonatal pigs as a method of feeding
a milk mixture, indicated that it
was simple, fast and not harmful to
the_pig. This milk treatment did not
increase the survival rate at weaning of heavier pigs, but significantly
( P< .01) increased the percent of
pigs surviving in the 1.5 lb. to 1.9
lb. birth weight range. 0

Figure 1-Milk, warmed to body temperature, is drawn
through a small tube into a syringe.
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•
Figure 3-When tube is in position, milk is forced into
the stomach by pushing on the plunger of the syringe. Note
(and also in figure 2) that syringe is placed in a holder so
that feeding can be done by one person.

Figure 2-The pig is held vertically, the mouth forced
open by squeezing with thumb and fingers. The tube is
placed into the baby pig's mouth and lightly forced down the
esophagus about 3 inches. Most pigs swallow as the tube
reaches the back of the mouth.

•
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L. Singlet n
SDSU's statewide teC:Jching - research - extension
mission can often be more effective when _persol'.\nel take to the air. 11 Air.lifting Research" on page 2
tells how it helps South. Dakota agriculture .

Even South Dakota
State's landmark, the
Coughlin Campanile, finds
a place in Agricultural
Experiment Station research.
Read about investigations
on evaporation from
drops of water, "New
Methods of Saving Water,"
on page 16.

•

"Feeding Newborn
Pigs" is a report on page
20 about a technique
for saving smaller, weak
baby pigs. Photos
show a 1-2-3 way
of doing it.
Animal disease
diagnosis and research
play a big part in the
state's multimillion dollar
livestock industry. On
page 4, "New Veterinary
Facility Ready By
Next Fall" describes
a major construction
project now underway.
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Soybeans have
commanded increasing
interest- and acreage-in
So1Jth Dakota. How
" Soybeans Improve Corn
S ilage," page l 0, describes
some new research
by the Dairy Science
Department.
·
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